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Abstract: Hydrated tri metal oxide (HTMO) precipitate is investigated using a mixed solution containing cerium,
aluminum, and titanium by precipitation for fluoride ion removal from water.PZC for the investigated HTMO precipitate
is determined to be 6.5 from pH drift method. Fluoride adsorption by HTMO precipitate is pH dependent, with adsorption
rates of more than 98 percent occurring at pH 2.3 to 6.7. The highest solid phase distribution of fluoride is observed at pH
around 6. Fluoride adsorption onto HTMO precipitate increased with temperature, implying that the adsorption reaction is
endothermic, as evidenced by the positive value of ∆H⁰ calculated from the thermodynamic calculations. The spontaneous
process is indicated by a negative ∆G⁰ value for alltemperatures. The fluoride adsorption rate onto this adsorbent is rapid,
and equilibrium is reached in less than four hours. An alkali (NaOH) solution effectively desorbed fluoride from a fluorideloaded HTMO precipitate. As a result, the HTMO precipitate studied in this work is expected to be a viable as fluorideremoving material from water.
Keywords: Desorption; Fluoride adsorption; HTMO precipitate; Point of zero charge (PZC); Spontaneous and
endothermic.
Introduction

carries whereas excess concentration of fluoride is
detrimental and invites various health issues including

Water is very important requirements for the life of plants

dental and skeletal fluorosis, kidney damage, neurological

and animals on the earth. We cannot imagine our life

disorders, and infertility in male and endocrinal disorder 3.

without water in earth. Nowadays the quality of surface and

Because of such an adverse effect of fluoride, the World

ground water on the earth is degrading because of both

Health Organization (WHO) set the maximum acceptable

natural and manmade activities1. Contamination of water

level of 1.5 mg/L fluoride in drinking water5. Thus, the

with fluoride is emerging issues these days because of its

excess concentration of fluoride in water should be

adverse effect to our bone tissue2. Naturally, the pollution

removed before discharging into the portable water bodies.

water with fluoride occurs due to the weathering of fluoride
rich rocks and minerals whereas anthropogenic pollution

Some methods such as precipitation6, co-precipitation7,

occurs due to the discharge of waste water produced from

reverse osmosis/nanofiltration8, electro-dialysis9, and ion

plating,

and

exchange10 have been practiced for the removal of fluoride

production of fluoride-rich pesticides3, 4. Trace amount of

ion from water. Literature shows that high concentration of

fluoride is essential for the strengthening of our dental

fluoride can be commonly treated by precipitation

toothpaste,

semiconductor

production,
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techniques using lime water as precipitating materials.

purpose, the fluoride removal behavior of investigated

Although lime precipitation is effective for the treatment of

HTMOPin terms of different adsorption parameters such as

water containing high concentration of fluoride ion

pH, contact time, concentration, adsorbent dose is

however the treated water leaves the residual fluoride in the

systematically studied together with desorption behavior in

range of 10 -12 mg/L due to solubility limit of CaF2 which

batch mode in this work.

needs further processing and treatment to meet legal
standard.

Materials and method
Chemicals and instruments

Trace amount of fluoride remains after lime precipitation is
generally treated by co-precipitation with aluminum salts or

All the chemicals employed in this study were of analytical

alum, and using commercial ion exchange resins. Co-

grade chemicals and used without further purification.

precipitation with aluminum salts/or alum produces large

Stock and working solutions were prepared using de-

amount of sludge containing huge amount of water which

ionized water. Fluoride standard solution (1000 mg/L) for

also needs further dewatering and treatment for excessive

ICS calibrations was purchased from Sigma Aldrich, Co.

amount of aluminum. Although the techniques such as

Ltd., Japan. Sodium fluorides (NaF), sodium hydroxide

reverse osmosis, electro-dialysis, nano-filtration and

(NaOH), and hydrochloric acid (HCl) were purchased from

membrane separation are effective for the fluoride ion

Wako Chemicals Co. Ltd., Japan. The working solutions

removal however their applications are amid due to their

were freshly prepared by diluting the stock solution at the

high operating cost and necessities of technical manpower.

time of experiments. The pH meter (HM-30R, DKK-TOA

Ion exchange method can selectively remove fluoride ion to

Corporation. Japan) was used to measure the pH of the

less than 1.5 mg/L but the application of a plastic based ion

solution. The concentrations of fluoride before and after

exchange resins for water treatment is limited because of

adsorption were measured by using ion chromatography

their long chemical synthetic route, and expensive for water

(Dionex ICS-1500, Conquer Scientific, USA).

treatment. Furthermore, it also invites another trouble of

Synthesis of HTMO precipitates

managing spent resin obtained after fluoride treatment due
Hydrated metal oxide-based adsorbent for fluoride ion

to non-degradable behaviors. On the other hand, the metal

removal was prepared by precipitation of metal solution.

loaded adsorbents such as modified ceria nanoparticles,
metal loaded starch, magnetic modified activated carbon,

Fifty milliliter of aluminum chloride (AlCl3), cerium

FeCl3 modified activated carbon, and Zr (IV) loaded

chloride (CeCl3) and ferric chloride (FeCl3) solutions (each
having 0.1M concentrations) were mixed homogeneously

pomegranate effective due to their high potential and

using magnetic stirrer at room temperature. After that, 5M

selectivity11-15. Nowadays, metal oxide/hydroxide-based

NaOH solution was added drop wise from burette with

ion exchangers are considered to be a emerging promising

gentle stirring until pH 8.5 for complete precipitation of all

materials for the water treatment because of their very

three metal ions. The precipitated mixture was placed in an

popular and effective due to ease of synthesis, high degree

oven at 343K overnight for ageing then it was filtered. The

of selectivity and higher ion exchange capacity.

residue was collected and washed several times with
In the present work, metal oxide/hydroxide-based adsorbent

distilled water until neutral pH and finally dried at 423K for

is prepared by precipitation of titanium aluminum and iron

48 hours. The dry product obtained in this way is termed as

with caustic soda. Main objective of this current research

hydrated tri metal oxide precipitate and here forth

is to fabricate the new metal oxide/hydroxide based

abbreviated as HTMO precipitate which is used for the

composite material and explore its ability for the removal

adsorption of fluoride ion at the time of experiment.

of trace level of fluoride ion from aqueous solution. To this
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Batch wise study

1.5

In the batch studies, the 100mL Erlenmeyer flasks

1
pH drift (δpH)

containing 15 mg of the HTMO precipitates and 10 mL of
fluoride solution were agitated for 24h in a convection oven
at the a speed of 150 rpm. pH dependency test was carried
out by varying the pH of the solution whereas the isotherm
studies were carried out by chaning fluoride concentration
at three different temperatures. The pH of the fluoride

0.5
0
0
-0.5

2

4

6

8

10

12

Initial pH

-1

solution were maintained by micro additions of 0.1 NHCl or

Figure 1: Diagram showing the relationship between pH drift of NaCl

0.1 N NaOH. Preliminary desorption test were performed

solution at different pH after adding HTMO precipitate.

by using HCl, NaCl and NaOH (1 M each) individually at

Effect of pH and adsorption mechanism

solid liquid ratio of 5 g/L. NaOH solution was found to be
Speciation of fluoride ions and surface charge of HTMO

effective desorbing solution. Thus optimization desorbing

precipitates varies with pH variation. Due to the increase

solution for fluoride ion was done by varying the

of proton concentration with increasing acidity of the

concentration of NaOH solution. The amount of fluoride

medium surface of the HTMO precipitates is positive sothat

adsorbed (mg) per unit mass of HTMO precipitates and

adsorption of negatively charged species is more favorable.

percentage adsorption of fluoride were determined by using

Majority of fluoride ion exist in the form of fluoride ion at

equations as:
(𝐶𝑜 − 𝐶𝑒 )
𝑞=
×𝑉
𝑚

pH higher than 2 whereas it exists as neutral HF and HF2… … (1)

below pH 1.
Figure 2 shows the percentage removal of fluoride using

(𝐶𝑜 − 𝐶𝑒 )
%𝐴 =
× 100
𝐶𝑜

HTMO precipitates at different pH ranging from 1 to 12. It

… … (2)

where, C0 and Ce are original and final fluoride ion

shows that percentage removal of fluoride increases from

concentration (mg/L), respectively.

94.15 to 99.21% with the increase of equilibrium pH from

The qe is amount of fluoride ion adsorbed per gram of

1.15 to 2.34.

HTMO precipitates (mg/g), V is volume of the fluoride

precipitates reached maximum (99.78%) at pH around 6

solution in liter and m is dry weight of HTMO precipitatesin

whereas it is observed to be decreased with further increase

gram.

of equilibrium pH.HTMO precipitates in aqueous solution

Fluoride removal percentage of HTMO

have coordinated hydroxyl ion and water ligands. Neutral
Results and discussion

species of fluoride (HF) predominant at low pH is hardly

Characterizations of HTMO precipitate

adsorbed by ion exchange with hydroxyl anion resulting

Figure 1shows the results of pH drift (equilibrium pH –

decrease of percentage adsorption of fluoride at low pH.

initial pH) experiment of HTMO precipitate using 0.1M

Similarly, the reduction of fluoride removal percentage of

NaCl solution at different pH. The change in pH of the NaCl

HTMO precipitates at basic pH is due to the competition of

solution is observed to be zero at pH 6.4, suggesting that the

hydroxyl ions.However, the maximum adsorption of

surface of the HTMO precipitate is neutral at this pH and

fluoride at pH 2 to 6 can be explained as follows. At acidic

this pH is the pHPZC of instigated HTMO precipitate. The

pH the hydroxyl ions exist in HTMO precipitates are

surface of the HTMO precipitate is negative at pH > pHPZC

protonated to give positively charged HTMO surface as

where anion adsorption is not effective whereas its surface

depicted in reaction ‘a’ where interaction of negatively

is positive at pH<pHPZC which is expected to be favorable

charged species of fluoride is more favored via electrostatic

condition for approaching anionic species like fluoride

attraction. Similar adsorption behaviors are observed by

anion during adsorption process via electrostatic interaction.
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Aryal et al., 2022 and Poudel et al., 2021 for the adsorption
of metal loaded adsorbents from aqueous medium

16, 17

experiment, there are comparatively large numbers of

.

active adsorption sites for fluoride ion whereas this number

750
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sites available for fluoride ion adsorption. Fluoride uptake

Distribution coefficient, KD (L/g)

Adsorption of fluoride (%)

is decreased with time resulting smaller number of active
100

capacity increase from 0.067 to 0.38 mmol/g by increasing
contact times from 5 minute to 120 minutes. Uptake of
fluoride by investigated adsorbent reached 0.43 mmol/g at
time 210 minutes whereas it is not higher than 0.44 even
after 360 minutes. Therefore, contact time of 210 minute
time is optimized for effective adsorption of fluoride ion
onto HTMO precipitate. Although adsorption equilibrium

12

Euilibrium pH

was attaining within 210 minute, subsequent adsorption

Figure 2: Influence of pH of the solution for the adsorption fluoride

experiment of fluoride was carried out by shaking the solid

onto HTMO adsorbent condition: volume of solution= 10 mL, weight

liquid mixture up to 240 minute (6 hrs) to ensure complete

of HTMO = 15 mg, fluoride concentration = 0.5 mmol/L, shaking time

equilibrium.

= 240 minute, shaking speed = 150 rpm, and temperature = 303K

0.5
Fluoride uptake (mM/g)

When fluoride anion approached the protonated HTMO
then ion exchange reaction occurred and fluoride ions were
adsorbed with the release of water molecule (elementary
reaction ‘b’). The proton consumed from the aqueous
solution and hydroxyl ion of HTMO gives water molecules.
In net reaction, the hydroxyl ligand of HTMO precipitate is

0.4
0.3
0.2
0.1
0

exchanged with fluoride ion during adsorption process as

0

60

120 180 240 300 360

shown in reaction ‘c’ as
HTMO ≡ OH +
HTMO ≡ OH2

+

HTMO ≡ OH + F

H+

→ HTMO ≡ OH2

Time (min)
+

+ F − → HTMO ≡ F + H2 O
−

→ HTMO ≡ F + OH

−

… (a)

Figure 3: Adsorption kinetics of fluoride ion using HTMO adsorbent

… (b)

condition: volume of solution= 10 mL, weight of HTMO = 15 mg,

… . (c)

fluoride concentration = 0.75 mmol/L, pH = 5, and temperature =

The distribution ratio is the ratio of the fluoride ion exists

303K

in solid adsorbent to the remaining fluoride in the aqueous

The modeling of experimental data is necessary to

solution. Distribution coefficient (KD = qe /Ce) determined

investigate the best fitted kinetic models thus the

at different pH during the adsorption of fluoride onto

experimental data of fluoride adsorption at different times

HTMO precipitate is also presented in Figure 2. The result

were analyzed using pseudo first order (PFO) model (Eq. 3)

sows that the distribution coefficient of fluoride in HTMO

and pseudo second (PSO) models (Eq. 4) as 18, 19

precipitate is maximum at pH 4.6 thus this pH is confirmed

log(𝑞𝑒 − 𝑞𝑡 ) = 𝑙𝑜𝑔𝑞𝑒 −

as optimum pH for fluoride ion adsorption.
𝑡
1
1
=
+
𝑡
𝑞𝑡 𝑞𝑒 2 𝑘2 𝑞𝑒

Effect of contact time
Figure 3shows the result of fluoride adsorption capacity of
in HTMO precipitate as a function of contact time. Fluoride

𝑘1
t
2.303

…. (3)

… … . (4)

whereqe is fluoride uptake capacity of HTMO precipitate

adsorption capacity of HTMO precipitates increase rapidly

and k1& k2 are rate constants for PFO and PSO models,

at the beginning and becomes slower and slower and

respectively. Pseudo first order rate constant (k1) and uptake

reached plateau value after 210 minutes. At the start of
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capacity were determined from the slope and intercept of

Table 1. Kinetics parameters for the adsorption of fluoride onto

straight line plot of log(qe-qt) versus time (Figure 4a)

HTMO precipitate (RMSE = root mean square error, MAE = Mean
average error, χ2= Chi-Square)

whereas that of pseudo second order rate constant and

Kinetic Models

Parameters

fluoride uptake capacity were determined from intercept
and sope of t/qe versus time plot as shown in Figure 4b.

2.14

Pseudo first

qe, cal. (mmol/g)

0.76

order (PFO)

R2

0.96

χ

0.14

(a)
log(qe - qt)

-1
Pseudo second

-2

-1

k1 × 10 (min )

0

order (PSO)

-3

y = -0.0093x - 0.2742
R² = 0.9663

-4

Value

-2

2

RMSE

0.33

MAE

0.11

k2 × 10-3 (g/(mg min))

0.059

qe, cal.(mg/g)

0.48

R2

0.99

qe, exp. (mg/g)

0.43

χ2 × 10-3

6.85

RMSE× 10

-2

5.78

MAE× 10-3

3.34

-5
0
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300

360

Adsorption isotherm of fluoride

Time (min)

Adsorption isotherm provides the relationship between
solid phase concentrations of adsorbate to the liquid phase

900

t/qt (min g/mM)

concentrations at equilibrium. Figure 5 shows the

(b)

750

adsorption isotherm of HTMO precipitates for fluoride ion
at optimum pH of 5 in three different temperatures. It is

600

clear from the results of this figure that fluoride uptake
450

capacities of HTMO precipitates sharply increased at low
concentration and it is gradually increased and reached a

300

y = 2.05x + 70.294
R² = 0.9984

150

plateau value at high concentration. This is the
characteristics of Langmuir type adsorption which will be
further proved by isotherm modeling.

0
0
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Figure 4: Modeling of kinetic data using (a) pseudo first order (PFO)

q [mmol/g]

0.75

model and (b) pseudo second order (PSO) model.

All the evaluated values of PFO and PSO kinetics

0.5

298 K

parameters and respective correlation regression coefficient

303 K

0.25

are listed in Table 1.

308 K

As can be observed from the results of this table that qe

0
0

value evaluated from experiments (0.43 mmol/g) closely

2

4

6

8

10

Ce [mmol/L]

resembled with the qe value determined from PSO model
(0.48 mmol/g) but it is higher (0.76 mmol/g) in case of PFO

Figure 5: Adsorption isotherm of fluoride using HTMO adsorbent at

model, indicating that adsorption of fluoride onto HTMO

different temperature condition: volume of solution= 10 mL, weight of

precipitate follows PSO kinetics.

HTMO = 15 mg, pH = 5, shaking time = 240 minute, and temperature
= 303K.
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To find out the best fitted isotherm model and nature of

𝑙𝑜𝑔𝑞𝑒 = 𝑙𝑜𝑔𝐾𝐹 +

adsorption, the experimental data of fluoride adsorption

1
𝑙𝑜𝑔𝐶𝑒 … . (8)
𝑛

where KF and n are Freundlich constant related adsorption

isotherm is modeled by using Langmuir and Freundlich

potential and intensity of adsorption, respectively.

isotherm models 20, 21. Langmuir isotherm can be expressed

Freundlich isotherms parameters such as n and K F are

in the non-linear (Eq. 5) and linear form (Eq. 6) as

estimated from the slope and intercept of logq e versus
qe =
Ce
qe

=

qmax b Ce
1
qmax b

+

logCeplot (Figure 6b). The evaluated values of Langmuir

….(5)

1+bCe

and Freundlich isotherm parameters are listed in Table

1
qmax

Ce

….(6)

2together with correlation regression coefficients and error

where Ce and qeare the equilibrium concentration of fluoride
and uptake capacity at equilibrium, respectively.

functions.

The

The results of this table shows that the correlation

constant b (L/mmol) and qmax (mmol/g) are Langmuir

coefficients in case of Langmuir isotherm models is much

equilibrium parameter and maximum adsorption capacity.

higher (R2>0.99) and close to unity whereas its value is

The Langmuir parameters such as qmax and b are determined

small in case of Freundlich isotherm model (only R2< 0.96).

from the slope and intercept of the Ce/qe versus Ce plot

The maximum adsorption capacity of investigated HTMO

(Figure 6a), respectively.

precipitates for fluoride was found as 0.83, 0.92, 1.02

15

mmol/g at 298, 303 and 308K, respectively.

Ce/qe [g/L]

298 K

10

(a)

303 K

Table 2. Isotherm parameters for the adsorption of fluoride onto

308 K

HTMO precipitate

Isotherm parameters

5

298K

303K

308K

qexp(mmol/g)

0.75

0.84

0.97

qm(mmol/g)

0.83

0.92

1.02

b (L/mmol)

1.13

1.55

2.58

0.99

0.99

0.99

0.77

0.69

0.24

0.64

0.64

0.25

0.08

0.08

0.05

0.63

0.76

0.85

0.34

0.23

0.16

0.98

0.96

0.97

2.05

0.64

1.09

1.30

0.49

0.93

0.11

0.07

0.09

0
0

2
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8

Langmuir

10

Ce [mmol/L]

isotherm

0

2

(b)

R

χ2× 10-2

logqe [-]
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RMSE× 10
-0.4

MAE
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303 K
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308 K
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2

Figure 6: Modeling of isotherm data using (a) Langmuir isotherm and

-2

RMSE× 10

(b) Freundlich isotherm

MAE

-2

Similarly, equation 7 (Eq. 7) and 8 (Eq. 8) represents the
non-linear and linear form of Freundlich isotherm as

Furthermore; the values of correlation coefficient (R 2) is

1

high and error function such as Chai square (χ2), root mean

𝑞𝑒 = 𝐾𝐹 𝐶𝑒 𝑛 …….. (7)
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square error (RMSE) and mean average error (MAE) are

determined from Langmuir equilibrium parameter (b,

small in case of Langmuir isotherm model (also shown in

L/mmol). The equilibrium constant is dimensionless

Table 2) compared to Freundlich isotherm model

parameter but Langmuir equilibrium parameter b in this

suggesting betting fitting of experimental data with

study has the unit of liter per milimole. As experiment is

Langmuir isotherm model.

carried out in aqueous medium so that mole of water
(55.6mol/L) should be multiply with Langmuir equilibrium

To make the better understanding, the maximum adsorption

parameter to obtain the exact equilibrium constant as33, 34

capacity of investigated HTMO is compared with the

K C = b × MH2O × 1000

similar metal oxide-based adsorbent reported in the

… . (9)

Gibbs free energy change of the system at standard state

literature as shown in the Table 322 ‒ 32. It is clear from the

(∆G°) is related to equilibrium constant as

results of this Table that the Fe (III)-Al (III)-Ce (IV)

∆G0 = −RTlnK C

… . (10)

adsorbents containing tetravalent Ce (IV) possess highest

Gibb's free energy change, entropy change, and enthalpy

adsorption capacity then other adsorbents which may be

change are related by the equation as:

due to very high affinity of Ce (IV) with fluoride ion.

∆G0 = ∆H0 − T∆S0

… … . (11)

From equation (10) and (11) we have

Moreover, the fluoride adsorption capacity of investigated
HTMO is satisfactory,suggesting that it can be a promising

lnK C =

∆H⁰ ∆S⁰
+
RT
R

… … . (12)

material for the removal of fluoride from contaminated

where, ∆H° and ∆S° are standard enthalpy and entropy

water.

change, respectively.
12.4

Table 3. Comparison of maximum adsorption capacities of different
reported adsorbents with investigated HTMO

qmax
(mmol/g)

pH

HTMO precipitate

1.02

6

Hydrous ferrous oxide
Fe(II)-Al(III)-Ce(IV)
adsorbent
Fe-Al-Ce
oxide
coated sand
Glass bead sprayed
with Fe-Al-Ce
Granular
ferric
hydroxide
Fe-Sn bimetal oxide
adsorbent
Fe(II)-Ti(IV)
oxide
nano adsorbent
F(III)-Cr(III) mixed
oxide
Al/Fe
impregnated
granular ceramics
Fe2O4/Al2O3
nanoparticle
Al/Fe
dispersed
ceramics

1.80
9.36

4
7

Referen
ces
This
study
22
23

0.18

7

24

0.31

7

25

0.37

4

26

0.55

7

27

2.47

-

28

0.86

3

29

lnKC

12

Adsorbents

11.6
11.2
10.8

y = -7546.8x + 36.34
R² = 0.9808

10.4
0.0032 0.00325 0.0033 0.00335 0.0034
[1/T] (K-1)
Figure 7: Vent Hoff’s plot for the evaluation of thermodynamic
parameters.
Table4. Evaluated thermodynamic parameters for

0.19

4

30

3.68

7

31

0.09

6

32

fluorideadsorption onto HTMO precipitate
∆G⁰
∆H⁰∆S⁰
(kJ/mol) (kJ/mol) (kJ/mol K)

Temp.
(K)

KC

308

62830.18

-0.308

303

86421.42

-0.312

298

143131.57

-0.320

62.74

0.31

Figure 7 shows the Vents Hoff’s plots for the adsorption of
Thermodynamic study

fluoride onto HTMO precipitates. The values of ∆G° at

Thermodynamic property of the system is related to the

different temperatures are calculated directly using

equilibrium constant. The equilibrium constant can be

equation 8 (Eq. 8) whereas that of values were ∆H° and ∆S°
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are evaluated slope and intercept of Vent Hoff’s plots of

It is evident from the result of this figure that desorption of

lnKc versus 1/T, respectively. All the thermodynamic

fluoride increased from 12.36% to 94.56% with the increase

parameters evaluated for the adsorption of fluoride onto

of NaOH concentration from 0.01 to 0.1M. After that

HTMO precipitates are shown in Table 4. It shows that the

desorption percentage is insignificantly increased and

negative

value

of

∆G° increases with

increasing

reached only 98.67% by using 0.75M NaOH. Therefore

temperature suggesting spontaneous and endothermic

0.1M NaOH is optimized for the effective desorption of

reaction. Estimated value of positive ∆H° (62.74 kJ/mol)

fluoride from fluoride loaded HTMO precipitates.

confirms the endothermic nature of fluoride adsorption onto

It is inferred that the fluoride from fluoride loaded HTMO

investigated HTMO precipitates.

precipitates is desorbed by ligand exchange reaction with

Desorption of fluoride ion

hydroxyl ion provided from desorbing solution of NaOH as

Preliminary desorption experiments is carried out by using

depicted by elementary reaction‘d’. Number of available

HCl, NaCl and NaOH (1M each) solution at 10 g/L solid

hydroxyl ion increased with the increase of NaOH

liquid ratio to investigate the nature of desorbing solution.

concentration that probably increase the probability of

From this it was found that NaCl, HCl and NaOH desorbed

ligand exchange reaction with adsorbed fluoride ion in

21.48%, 89.37% and 98.82% fluoride from fluoride loaded

fluoride loaded HTMO precipitate resulting higher

HTMO precipitates. NaCl is not effective for desorption of

desorption percentage at elevated concentration of NaOH.

fluoride, HCl could effectively desorbs fluoride but invites

The behavior is exactly similar to other reported

the trouble dissolving HTMO precipitates.

adsorbents35, 36.

NaOH

successfully desorbed more than 98% of loaded fluoride

HTMO ≡ F + OH − → HTMO ≡ OH + F −

… (d)

without deteoration of active sites thus optimization of
Conclusion

desorbing solution was done by varying the concentration

To summarize, we have investigated metal oxide based

of NaOH. Figure 8 shows the percentage desorption of

HTMO precipitate for the removal of fluoride from water.

fluoride from fluoride loaded HTMO precipitates using

A batch study was conducted to get information on effect

different concentration of NaOH ranging from 0.01 to

of pH, contact time, concentration and temperature for the

0.75M at solid liquid ratio of 5 g/L.

removal of fluoride ions. Fluoride removal by HTMO

%Desorption of fluoride

100

precipitate was found to be significantly influenced by pH
of the solution and maximum adsorption occurred at pH 6.

80

The rate of adsorption was found to be fast and equilibrium
60

was reached within 210 minutes. We found maximum
adsorption capacity of HTMO precipitate for fluoride is

40

0.83, 0.92, 1.02 mmol/g at 298, 303 and 308K, respectively.
Thermodynamic study suggested that adsorption of fluoride

20

onto HTMO precipitate is spontaneous (negative ∆G⁰
value) and endothermic (positive ∆H⁰ value). The adsorbed

0
0.01 0.03 0.05 0.075 0.1 0.3
NaOH (mol/L)

0.5

0.75

fluoride from fluoride loaded HTMO precipitate could be
done using 0.1 M NaOH solutions. Thus the HTMO

Figure 8: Desorption of adsorbed fluoride from fluoride loaded

precipitate investigated in this study can be an effective and

HTMO using alkali solution condition: volume of NaOH = 10 mL,

high capacity metal oxide based adsorbent for the treatment

weight of fluoride loaded HTMO = 50 mg, fluoride in fluoride loaded

of water polluted with fluoride ion.

HTMO = 0.23 mmol/g, shaking time = 240 minute, shaking speed =
150 rpm, and temperature = 303K.
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